EP 1 063 840 A2

Européisches Patentamt

(19) 0> European Patent Office

Office européen des brevets
(12)

(43) Date of publication:
27.12.2000 Bulletin 2000/52

(21) Application number: 00201568.3

(22) Date of filing: 02.05.2000

(11) EP 1 063 840 A2

EUROPEAN PATENT APPLICATION

(51) Int. c1.”- HO4N 1/60, HO4N 9/68

(84) Designated Contracting States:
ATBECHCYDEDKESFIFRGBGRIEITLILU
MC NL PT SE
Designated Extension States:
AL LT LV MK RO SI

(30) Priority: 30.04.1999 US 131733 P
(71) Applicant:

Texas Instruments Incorporated
Dallas, Texas 75251 (US)

(72) Inventor: Pettitt, Gregory S.
Rowlett, Texas 75088 (US)

(74) Representative: Holt, Michael
Texas Instruments Limited,
European Patents Department (MS 13),
PO Box 5069
Northampton NN4 7ZE (GB)

(54) Enchanced color correction

(57) A method and apparatus for correcting the
color of an image signal. Data in a first color space such
as RGB is converted (502) to primary/secondary/com-
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Description

FIELD OF THE INVENTION

[0001] This invention relates generally to the field of display systems, and more particularly to color correction of
display systems, particularly display systems using primary color sources to generate full color images.

BACKGROUND OF THE INVENTION

[0002] Image display systems create images for a human viewer to experience. The goal of the display systems is
to simulate the experience of being at the location being displayed. These locations may be real, for example when a
scene is recorded using a camera, imaginary, for example when a computer generates a scene using a database of
shape and texture information, or a combination of real images and superimposed computer generated images.
[0003] Regardless of the source of a particular image, the display system must be able to recreate the complex
color tones and intensities in order to make the recorded image appear life-like. To do this, the color spectrum of the
display system must be correlated to the color spectrum of the device used to capture the image. This can be a partic-
ular challenge when displaying an image initially recorded on a continuous color media such as cinemagraphic film on
a primary color-based system such as a CRT, LCD, or DMD display. For the purposes of this disclosure, the term "con-
tinuous color" used in conjunction with terms such as image, media, display, or system will refer to the characteristic of
being comprised of a continuous spectrum of light compared to the term "primary color" which refers to the character-
istic of being comprised of light from discrete primary color bands.

[0004] The perceived color of an object is determined by the wavelength of the light emitted by or reflected by the
object. The human eye contains sensors, called rods and cones, that detect the light from the object focused on the ret-
ina. Rods are responsible for low light vision. Cones are responsible for the color vision. There are three types of cones
in the human eye, each with a distinct pass band. Using the output from the three types of cones, the human brain cre-
ates the perception of color and intensity for each portion of an image.

[0005] Continuous color media recreate the original image spectrum for each portion of the image. In the case of
photographic film, this is accomplished by absorbing the unwanted portions of the spectrum of light from a source while
reflecting or transmitting the portions needed to create an image. Primary color systems cannot recreate the entire
spectrum of the original image, but instead create the perception of the original image by stimulating the three types of
cones to produce a response which is the same as provided by the original spectrum. Thus, three carefully chosen light
sources (red, green, and blue) can be used to provide the perception of a continuous color spectrum.

[0006] The three colors chosen to be the primary colors of a primary color display system determine the available
color space of the display system. While a given set of primary colors may provide a very broad color space, the use of
filters to select the given set of primary colors from a white light beam often limits the maximum intensity the display
system is capable of producing to less than a minimum acceptable amount. Likewise, a given selection of color filters
may result in a white level, formed by combining the three primary colors, that has a undesirable color tint.

[0007] While an ideal display can create a high intensity display of very pure colors including white, real world dis-
play systems must make tradeoffs between the white level, purity of the primary colors, and the maximum available
brightness. These tradeoffs affect the secondary colors since the secondary colors are formed by combining primary
colors using an intensity word indicative of the intensity of each primary relative to the maximum intensity of that primary
color. Thus, once the primary color filters are selected, the white point and the purity of the secondary colors is also
determined.

[0008] U.S. patent Application No. 09/175,810 entitled "Brightness gain using white segment with hue and gain cor-
rection” filed 20" October 1998 and having the same Assignee as the present application, discloses a display system
(902) and method for increasing the brightness of an image through the use of a color wheel (504) having a white light
generating segment. The display system comprises a RGBW processing function (906) that includes circuitry to gen-
erate an intensity word for use during the white light generating segment. The hue correction function (906) includes
circuity to adjust the relative intensities of the primary color components to compensate for the addition of the white seg-
ment data. The gain correction function (904) includes circuitry to adjust the intensity of the pixel data based upon the
white content of the pixel and the intensity of the pixel. After the pixel data is processed, it is formatted by data formatting
logic (912) and displayed using a spatial light modulator (914).

SUMMARY OF THE INVENTION
[0009] Objects and advantages will be obvious, and will in part appear hereinafter and will be disclosed by the

present application which teaches a method and system for the enhanced color correction of image data. One dis-
closed embodiment of the present invention provides a method of correcting color image data for a pixel. The method
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comprising the steps of: providing intensity data for three primary colors, a plurality of secondary colors, and a com-
bined color for the pixel; providing a set of matrix coefficients for each output primary color, one said coefficient for
describing the contribution said output primary color makes to each of the primary, secondary, and combined colors;
and summing the products of the matrix coefficients and corresponding intensity data to provide a corrected intensity
data value for each output primary.

[0010] According to a second embodiment of the present invention, a method of correcting color image data for a
pixel is disclosed. The method comprising the steps of: providing image data for the pixel, converting the image data to
a color space having a primary, secondary, and combined color component; providing coefficients describing the con-
tribution made each of three output primary colors to the formation of said primary, secondary, and combined color
components; and summing the products of said coefficients and said primary, secondary, and combined color compo-
nents to provide a corrected intensity data value for each output primary.

[0011] According to yet another embodiment of the disclosed invention, a method of correcting color image data for
a pixel is disclosed. The method comprising the steps of: providing image data for said pixel; converting said image data
to a color space having a primary (P), secondary (S), and combined (C) color component; selecting a set of coefficients
describing the contribution of the primary, secondary, and combined components to the output primaries, and calculat-
ing a corrected output value for each said output primary according to the following equation:

R’ Xrr Xrs Xaw || P
G'|=|Yer Yos Yow || S
B’ Zer Zbs Zsw || C

where:

Xgp is the contribution of the primary color component to a first output primary (R')

XRs is the contribution of the secondary color component to the first output primary (R')
XRc) is the contribution of the combined color component to the first output primary (R’)
Ygp is the contribution of the primary color component to a second output primary (G')
Ygs is the contribution of the secondary color component to the second output primary (G')
Ygc is the contribution of the combined color component to the second output primary (G')
Zgp is the contribution of the primary color component to a third output primary (B')

Zpgg is the contribution of the secondary color component to the third output primary (B')
Zpc is the contribution of the combined color component to the third output primary (B')

[0012] The disclosed methods and systems provide independent control over the primary and secondary image
colors, as well as over the combined color component-typically the white level. As implemented, the described methods
and systems require very little additional processing power and therefore can be implemented in real time without
excessive cost.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] For a more complete understanding of the present invention, and the advantages thereof, reference is now
made to the following descriptions taken in conjunction with the accompanying drawings, in which:

FIGURE 1 is a CIE 1931 xy chromaticity diagram of the color space of a first display system.

FIGURE 2 is a CIE 1931 xy chromaticity diagram of the color space of a second display system showing shifted
secondary color points.

FIGURE 3 is a CIE 1931 xy chromaticity diagram of the color space of a third display system showing the independ-
ent adjustment of the secondary color points.

FIGURE 4 is a graph of three hypothetical primary color intensity data values for a single pixel showing the alloca-
tion of the RGB data into PSW space.

FIGURE 5 is a block diagram depicting one embodiment of an apparatus for improving color correction.

FIGURE 6 is a circuit diagram showing one implementation of the improved color correction.

FIGURE 7 is a block diagram of a film to video transfer system utilizing the improved color correction of the present
invention to translate digitized image data prior to storing and later retrieving and displaying the translated image
data.
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FIGURE 8 is a block diagram of a film to video transfer system showing a display device performing the improved
color correction operation prior to the display of the transferred video data.

FIGURE 9 is a schematic view of a projection display system utilizing the improved color correction of the present
invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0014] As described above, the spectrum and maximum intensity of the primary color sources, whether color filters
acting on a white light beam or light sources capable of outputting light in a portion of the visible spectrum, determine
several key characteristics of a display system such as the white point and the purity of the secondary colors.

[0015] For example, a system designer may select a green color filter with a relatively broad pass band in order to
provide a very high number of lumens to the projected image-especially when coupled with a light source that outputs
a high proportion of its energy in the green spectrum band. The disproportionate amount of green light contributed to
the white light output, however, results in the white light having a greenish tinge. While the excess green contributed to
the white light may not be objectionable, the high green level will result in a secondary colors such as yellow and cyan
having too much green. What is needed is an efficient way to individually adjust the purity of not only the primary colors,
but also the secondary colors and the white point.

[0016] A method and apparatus has been developed that enables individual control of multiple color properties in
a primary color display system. The method and apparatus disclosed herein allow the system designer great flexibility
in the selection of primary color sources, while providing a means to compensate for the undesirable side effects of the
combination of primary color sources.

[0017] While the method and apparatus taught herein with be disclosed primarily in terms of a three-color primary
system that uses a white light source in conjunction with three color filters to provide three light beams that are per-
ceived as a primary color, it should be understood that this disclosure is intended to include applications using other
means of providing the primary colors such as separate light sources, separate primary color light sources, beam split-
ters, color wheels, etc. Furthermore, although this disclosure primarily describes a display system using Red, Green,
and Blue (RGB) primary colors, it is intended to include and address other color systems, whether additive or subtrac-
tive, such as systems whose primary colors include Cyan, Magenta, and Yellow (CMY), Cyan, Magenta, Yellow and
Black (CMYK), and luminance and chrominance (YUV).

[0018] Figure 1 is a CIE 1931 xy chromaticity diagram 100 of a first display system. The color space 102 of the dis-
play system is determined by the location of the system's red point 104, blue point 108, green point 106, and the relative
intensity of the light provided at each of these primary color points. If each primary color provides the same intensity
contribution to the white light level, then the secondary color points will be located midway between the primary color
points, and the white point 110 will be located at the intersection of the lines connecting the primary and secondary
colors as shown in Figure 1. In Figure 1, the cyan point 112, yellow point 114, and magenta point 116, are all located
midway between the primary color points. The white point 110 shown in Figure 1 is slightly to the magenta side of a
reference white line 118.

[0019] Figure 2 is a chromaticity diagram 200 of a second display system. The second display system has the same
red, green, and blue points as the display system represented in Figure 1, but because the primary colors do not have
equal intensities the secondary color points, as well as the white point, are shifted. In the example shown in Figure 2,
the red light source provides less intensity than the blue light source, and much less than the green light source, result-
ing in a white point 210 that is shifted toward cyan. The yellow point 214 is shifted toward the green point 106, and the
magenta point 216 is shifted toward the blue point 108. Although the display system represented by Figure 2 provides
a lot of illumination to a white point that is suitably close to the reference white line 118, when the display system
attempts to display a non-primary color represented by linear RGB data, the color will have a greenish or bluish tint.
[0020] One means of compensating for the undesirable side effects of a given set of primary color sources is to pro-
vide secondary color and white information as well as the primary color information, and to use this additional informa-
tion to generate a set of output primary data that compensates for the undesirable side effects. The secondary color
and white intensity information is used to alter the amount each primary color source contributes to the secondary
colors and white. In effect, this method transforms a three primary color system into a seven primary color system
(RGBCMYW) including the three primary colors (RGB), the three secondary colors (CMY), and white (W) by remapping
the color space to provide additional control over the secondary colors and white. The remapping system can be written
as:
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[0021] Analysis of Equation 1 reveals that the coefficients represent three groups of signals: primary color (P) coef-
ficients, represented by a, b, c, h, i, j, 0, p, and g; secondary color (S) coefficients, represented by d, e, f, k, I, m, r,
s, and t; and white (W) coefficients, represented by g, n, and u. The remapping of the seven primary color system to
the RGB space is shown in Equation 2.

R
G
Rl [1 00011 1B
G'(=f0 1 01 01 1}cC Equation 2
B [001 110 1M
Y
-W.J

[0022] Furthermore, it is evident that each primary and secondary color, as well as white, can be controlled inde-
pendently. For example, by setting the coefficient in location "m" to a value less than 1, the amount of green contributing
to a yellow color is reduced, without affecting the contribution of green to white, pure green, or cyan. Each color, includ-
ing the primary colors, can be manipulated in a similar manner-coefficient "p" allows blue to be added to green.
[0023] The matrix of Equation 1 provides a powerful tool for the independent control of each of the seven colors
(RGBCYMW). Figure 3 is a chromaticity diagram 300 for the display system represented in Figure 2 after the secondary
colors have been altered as described above. Equation 3 shows the matrix used to manipulate the system represented
by Figure 3. As shown in Figure 3, the yellow point 314 and magenta point 316 have been moved toward the red point
104, while the cyan point 312 has been moved toward the blue point 108.

FR“

G
Rl [1 0 0 002 1 1 1| B
G’l=|0 1 0 07371 0.0047 05013 1} C Equation 3
Bl |0 0 1 1 06417 0001 1|M

Y

-W_J

[0024] The method taught thus far provides a very valuable tool for adjusting the color response of a display sys-
tem. The implementation of Equations 1-3 in a high resolution display system requires up to 21 multiplication opera-
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tions, each using 14 bit inputs, 10 to 14 bit coefficients, and providing 14 bit outputs. The image data easily may be
processed as described in Equations 1-3 and stored for later display. Performing the computations in real time, however,
requires more processing power than is economically feasible to include in many display systems at this time. There-
fore, there is a great need to simplify the calculations in order to enable the inclusion of the color space control features
in display systems that do not have sufficient processing power to implement Equations 1-3.

[0025] Figure 4 is a graph of an example of three primary color intensity data values for a single pixel. In Figure 4,
the minimum of the three primary color values is the blue intensity value-which has an intensity of "A." Since all three
of the primary colors have an intensity of "A" or greater, the quantity "A" represents the white (W) component of the
pixel. Therefore, the minimum primary color value, in this case blue, contributes only to the white component of the
pixel.

[0026] After allocating the minimum primary color intensity value to the white component of the pixel, the two
remaining primary colors are seen to contribute to one of the secondary colors. In the example of Figure 4, the two
remaining primary colors, red and green, form yellow. The intensity of the yellow component (Y) is equal to the minimum
of the two remaining primary color intensity words after the subtraction of the white value from both words. In Figure 4,
the secondary color value is equal to S, the result of B - A. Therefore, the median primary color value, in this case green,
contributes to both the white component and the yellow component of the pixel.

[0027] The remaining primary color intensity value, shown in Figure 4 as P = C - B, is the primary component of
the pixel in primary-secondary-white (PSW) color space. Thus, the pixel represented in Figure 4 has a red component,
a yellow component, and a white component. Assuming the input R value was 250, the input G value was 200, and the
input B value was 100, the pixel is represented by all of the following matrices:

R 250
G|=]|200 Equation 4
B 100
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[0028] Analysis of Equations 4-7 reveals that, any combination of the seven primary color input values (RGBC-
MYW) can be expressed using only three values, a primary color, a secondary color, and a white level, in PSW color
space. The resulting PSW matrix is shown in Equation 8.

R Xer Xrs Xswll P
Gl=|Yer Yos Yow [ S Equation 8
B’ Zsp Zss Zsw |W

[0029] The difficulty of implementing Equation 8 is the determination of the values for the coefficients Xgp, Xgsg,
Yap, Ygs, Zgp. and Zgg. Review of Equation 2 shows that the first three columns of the coefficient matrix are used to
control the primary colors, the second group of three columns of the coefficient matrix are used to control the secondary

color, and the last column controls the white color. Thus, the coefficients for Equation 8 may be taken directly from the

coefficients of Equation 1-all that is required is to select the columns based on the identity of the primary and secondary

colors of Equation 8, which is determined by the relative strengths of the red, green, and blue inputs. The first column

of these values, Xgp, Xgs, and Y gp, is the column of coefficients for the corresponding primary color from Equation 1.
The second column of these values, Ygg, Zgp, and Zgg, correspond to the coefficients for the corresponding second-
ary color from Equation 1.

[0030] If the maximum of the three RGB input intensity values is the red intensity value, the first column of the coef-

ficient matrix is used for the first column, Xgp, Xgs, and Y gp, of Equation 8. The second column is used when the green
intensity value is the maximum, and the third column is used when the blue intensity value is the maximum.

[0031] When the red input intensity value is less than both the green and blue values, then red does not contribute

to either the primary or secondary colors, but only to the white level. Therefore, the proper secondary color is cyan and
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the fourth column of the coefficient matrix of Equation 1 is used as the second column, Ygg, Zgp, and Zgg, of Equation
8. Likewise, when the green intensity value is the minimum, the secondary color is magenta and the fifth column of the
coefficient matrix is used, and when the blue intensity value is the minimum, the secondary color is yellow and the sixth
column of the coefficient matrix is used. Thus, there are six different combinations of coefficients from Equation 1 that
are used by Equation 8.

[0032] Figure 5 is a block diagram depicting one embodiment of the improved color correction. In Figure 5, RGB
data for a given pixel is input into the RGB to PSW converter 502. The RGB to PSW converter 502 compares the three
intensity values and outputs the greatest on signal P, the median on signal S, and the minimum on signal W. P, S, and
W are then driven to one set of inputs in the 3 x 3 multiplier 504. The RGB to PSW converter 502 also drives two signals
to a coefficient selection block 506. The coefficient selection block 506 provides the coefficients used by the 3 x 3 mul-
tiplier 504. The output of the 3 x 3 multiplier 504 is the processed RGB data of Equation 8.

[0033] Figure 6 is a schematic diagram of one possible circuit for implementing the methods described herein. The
circuit of Figure 6 implements either Equation 9 or Equation 10, depending on the polarity of the mode select signal
(P7_Mode). When Equation 9 is implemented, the enhanced color correction is not implemented. Several delay blocks
604 are used to synchronize the circuit of Figure 6. The adders 608 and multipliers 606 are also clocked. In Figure 6,
blocks 610 perform a clocked subtraction of various combinations of the delayed RGB data. The sign bit from the result
of each subtraction is used by the combinatorial logic block 612 to determine which of the RGB inputs had the maxi-
mum, median, and minimum value.

G’ Cl C2 C3|G
R|=|C4 C5 C6|R Equation 9
B’ C7 C8 C9|B

Gl [Pt P2 P3 PIO PI1 P12 PI19]
R’|=|P4 P5 P6 P13 P14 P15 P20
B'| |P7 P8 P9 Pl6 P17 P18 P2I|

Equation 10

ETE~NOXIwxQ

[0034] The output of the combinatorial logic block 612 is used to gate the proper RGB value, the minimum of the
three RGB values, through the clocked white multiplexer 614, after which the white value is delayed one clock before
being input to the multipliers 606. Other outputs of the combinatorial logic block 612 gate the proper input, the difference
between the median and minimum RGB values, through the secondary color multiplexer 618, and the difference
between the maximum and median RGB values through the primary color multiplexer 616. The outputs of the primary
and secondary color multiplexers 616, 618, are passed through conditional 2's complement inverters 620 before being
input to a set of multipliers 606. The conditional 2's complement inverters 620 invert their input signals when the inputs
are negative-in effect providing the absolute value of the subtraction operation.

[0035] When the enhanced color correction mode is disabled, green data is passed through the white channel mul-
tiplexer 614, red data is passed through the primary channel multiplexer 616, and blue data is passed through the sec-
ondary channel multiplexer 618. The outputs of the multiplexers 614, 616, and 618, are delayed by the conditional 2's
complement inverters 620 or a delay block 604 before being input to the multipliers. The second input to each multiplier
606 is selected from a set of coefficients stored in a memory 622 associated with each multiplier 606.

[0036] Only one location of the memories 622 associated with the white channel is necessary in order to store the
Px coefficient needed to implement the enhanced color correction. To allow the enhanced color correction to be disa-
bled, however, a second memory location is provided to store the Cx coefficient. The primary and secondary channels
require three locations to store the coefficients, for example P1, P2, and P3 are stored in the primary and G' channel.
[0037] The memories 622 of Figure 6 show an interleaved set of memory locations. These locations are used to
store a second set of coefficients that are accessed to facilitate testing of various coefficients. The test signal "Split" is
used to select between the two versions of each coefficient. By toggling Split during a frame, various image pixels will
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use the "A" set of coefficients while the remainder of the pixels will use the "B" set of coefficients. Thus, the effects of
various sets of coefficients can be compared directly. The offset 624 inputs to the adders 608 are also provided for test-
ing purposes.

[0038] The concepts taught herein can be extended to the use of other points in the color space without departing
from the intended teachings hereof. For instance, the color correction can be implemented before or after a gamma cor-
rection operation, or implemented as part of the degamma scaling operation. Likewise, other embodiments use logic
thresholds to sample the YCRCpg values to determine the proper primary and secondary colors and implement the color
correction techniques in the Y'CR'Cg' to R'G'B' conversion matrix.

[0039] The color correction described herein is applicable to both additive and subtractive color systems. The term
"combined primary" will be used to describe the mixture of all of the primary colors whether describing white in an addi-
tive system or black in a subtractive system.

[0040] The color correction described may be performed by an image transfer machine or scanner when capturing
or digitizing an image so that color corrected data is produced, or the color correction may be performed by the display
system as an image is being displayed. Figure 7 is a block diagram of a film to video transfer system utilizing the
improved color correction 702 of the present invention to translate digitized image data prior to storing the digitized data.
The color corrected data is later retrieved and displayed by display system 704.

[0041] Alternatively, the color correction is included in the display system to provide color correction for input image
signals. Figure 8 is a block diagram showing a display system 802 with the improved color correction 804 capability. The
color correction 804 can be selected by a viewer, for example through the use of a remote control and on-screen pro-
gramming, to enable the viewer to select from several color correction modes. The use of multiple color correction
modes allows the user to optimize the color correction based on the selected image source.

[0042] Figure 9 is a schematic view of an image projection system 1000 incorporating the improved color correction
of the present invention. In Figure 10, light from light source 1004 is focused on a micromirror 1002 by lens 1006.
Although shown as a single lens, lens 1006 is typically a group of lenses and mirrors which together focus and direct
light from the light source 1004 onto the surface of the micromirror device 1002. Controller 1014 receives image inten-
sity data and control signals and processes them according to the teachings herein to obtain color corrected image
intensity data signals. The color corrected image intensity data signals are then transferred from controller 1014 to the
micromirror device 1002. The color corrected image intensity data causes some mirrors to rotate to an on position and
others to rotate to an off position. Mirrors rotated to an off position reflect light to a light trap 1008 while mirrors rotated
to an on position reflect light to projection lens 1010, which is shown as a single lens for simplicity. Projection lens 1010
focuses the light modulated by the micromirror device 1002 onto an image plane or screen 1012.

[0043] Thus, although there has been disclosed to this point a particular embodiment for a method and apparatus
for improved color correction, it is not intended that such specific references be considered as limitations upon the
scope of the disclosed. Furthermore, having described the invention in connection with certain specific embodiments
thereof, it is to be understood that further modifications may now suggest themselves to those skilled in the art.

Claims

1. A method of correcting color image data for a pixel, the method comprising:
providing intensity data for three primary colors, plurality of secondary colors, and a combined color for said
pixel;
providing a set of matrix coefficients for each output primary color, one said coefficient for describing the con-
tribution said output primary color makes to each of the primary, secondary, and combined colors; and
summing the products of said matrix coefficients and corresponding said intensity data to provide a corrected
intensity data value for each output primary.

2. The method of Claim 1, further comprising the step of:
storing said corrected intensity data values.

3. The method of Claim 1 or Claim 2, further comprising the step of:
forming an image pixel using said corrected intensity data values.

4. The method of any of Claims 1 to 3, further comprising the step of:

printing an image pixel using said corrected intensity data values.
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5. A method of correcting color image data for a pixel, the method comprising:

providing image data for said pixel, said image data comprising a maximum input intensity value, a median
input intensity value, and a minimum input intensity value, each said input intensity value corresponding to one
of three primary colors;

converting said image data to a color space having a primary, secondary, and combined color component, said
combined color component equal to said minimum input intensity value, said primary color component equal
to the difference between said maximum input intensity value and said minimum input intensity value, and said
secondary color component equal to the difference between said maximum input intensity value and said
median input intensity value;

providing coefficients describing the contribution made each of three output primary colors to the formation of
said primary, secondary, and combined color components, said coefficients dependent on which of said three
primary colors corresponds to said maximum, median, and minimum input intensity values;

summing the products of said coefficients and said primary, secondary, and combined color components to
provide a corrected intensity data value for each output primary.

6. The method of Claim 5, further comprising the step of:
storing said corrected intensity data values.
7. The method of Claim 5 or Claim 6, further comprising the step of:
forming an image pixel using said corrected intensity data values.
8. The method of any of Claims 5 to 7, wherein said step of providing coefficients further comprises the step of:

providing coefficients describing the contribution made each of three output primary colors to the formation of
said primary, secondary, and combined color components, said coefficients dependent on which of said three
primary colors corresponds to said maximum, median, and minimum input intensity values and operable to
compensate for a gamma correction applied to said image data.

9. A method of correcting color image data for a pixel, the method comprising:

providing image data for said pixel, said image data comprising a maximum input intensity value, and median
input intensity value, and a minimum input intensity value, each said input intensity value corresponding to one
of three primary colors;

converting said image data to a color space having a primary (P), secondary (S), and combined (C) color com-
ponent, said combined color component equal to said minimum input intensity value, said primary color com-
ponent equal to the difference between said maximum input intensity value and said minimum input intensity
value, and said secondary color component equal to the difference between said maximum input intensity
value and said median input intensity value;

providing a dynamic coefficient (Xgp) describing the contribution of said primary color component to a first out-
put primary (R");

providing a dynamic coefficient (Xrg) describing the contribution of said secondary color component to said
first output primary (R");

providing a dynamic coefficient (Xg¢c) describing the contribution of said combined color component to said first
output primary (R');

providing a dynamic coefficient (Ygp) describing the contribution of said primary color component to a second
output primary (G");

providing a dynamic coefficient (Ygg) describing the contribution of said secondary color component to said
second output primary (G");

providing a dynamic coefficient (Ygc) describing the contribution of said combined color component to said
second output primary (G');

providing a dynamic coefficient (Zgp) describing the contribution of said primary color component to a third out-
put primary (B');

providing a dynamic coefficient (Zgg) describing the contribution of said secondary color component to said
third output primary (B');

providing a dynamic coefficient (Zgc) describing the contribution of said combined color component to said
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third output primary (B');
calculating a corrected output value for each said output primary according to the following equation:

R Xrr Xrs Xrwll P
G'|={Yer Yos Yow || S
B’ Zsr Zps Zsw || C

10. The method of Claim 9, further comprising the step of:
storing said corrected intensity data values.
11. The method of Claim 9 or Claim 10, further comprising the step of:
forming an image pixel using said corrected intensity data values.
12. The method of any of Claims 9 to 11, said steps of providing a dynamic coefficient further comprising the step of:

providing a dynamic coefficient compensating for a gamma correction applied to said image data.
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